Water represents an essential resource for life and for all natural processes. Our existence and our economic activities are totally dependent on this precious resource. It is well known that into the developing countries the main resource of drinkable water is represented by underground waters, so their contamination with arsenic represents a real problem that needs to be solved. To solve the problem of arsenic water pollution, it was necessary to develop a series of chemical, physicochemical and biological methods to reduce arsenic concentrations from water. From all these methods, adsorption offers many advantages including simple and stable operation, easy handling of waste, absence of added reagents, compact facilities and generally lower operation cost. The goal of this paper is to study the sorption properties of a new adsorbent material prepared by impregnating Amberlite XAD7 resin with crown ether (dibenzo-18-crown-6 ether) and loaded with Fe(III) ions. Solvent impregnated resin (SIR) method was used for functionalization. Amberlite XAD7 resin functionalization was evidenced by energy dispersive X-ray analysis, scanning electron microscopy (SEM), Fourier transform infrared spectroscopy (FTIR), thermogravimetric analysis and determination of specific surface by the Brunauer, Emmett and Teller (BET) analysis. Equilibrium, kinetic and thermodynamic studies were performed in order to determine the removal efficiency of the studied adsorbent for arsenic removal from water. In order to study the As(V) adsorption mechanism the experimental data were modelled using pseudo-first-order and pseudo-second order kinetic models. Kinetic of adsorption process was better described by pseudo-second-order model. Experimental data were fitted with three non-linear adsorption isotherm models: Langmuir, Freundlich and Sips. Obtained experimental data were better fitted by Sips adsorption isotherm. The values of thermodynamic parameters (ΔG°, ΔH°, ΔS°) showed that the adsorption process was endothermic and spontaneous. The results proved that Amberlite XAD7 resin with crown ether and loaded with Fe(III) is an efficient adsorbent for the As(V) removal from water. The possibility of reuse the adsorbent material through adsorption and desorption cycles was also studied and it was found that the material can be used in five sorption-desorption cycles. Maximum adsorption capacity obtained experimentally being 18.8 μg As(V)/g material.
Introduction
Ever since, drinking water quality has been a marker quality living and consequently a determining factor for human health. Arsenic compounds are known for their toxicity and their presence especially in drinking water represent a serious threat to more than 100 million people worldwide [1, 2] .
There have been many documented incidents of arsenic groundwater contamination from worldwide, such as Taiwan, Chile, Argentina, Hungary, Bangladesh, India, Pakistan, Thailand, Vietnam, China and the United States [3, 4] . Arsenic contamination has also triggered various human health issues including skin lesions, diabetes, chronic bronchitis, cardiovascular diseases, peripheral neuropathies and negative effects on reproduction and haematological system [5] . People are susceptible to carcinogenic effects of arsenic, so prolonged exposure to arsenic damages the central nervous system, and is associated with appearance of various types of liver, lung, bladder, and skin cancer [6, 7] .
To solve the problem represented by arsenic water pollution, it is necessary to develop a series of chemical, physicochemical and biological methods able to reduce arsenic concentrations from water. From these, the most common are: electrocoagulation [8] , adsorption on chemically modified polymers [9, 10] , alumina [11] , activated mud [12] , crystallized ferrihydrite [13, 14] , etc.
However, during last years were developed new methods for arsenic removal from water, which are either cheaper, environmentally friendly, or show a higher removal efficiency. Thus, in this paper, following the development of crown ether applications, and the fact that Amberlite XAD resins are generally used for metal ions removal [15, 16] a new material was obtained starting from Amberlite XAD7, which was functionalized by impregnation with crown ether (dibenzo-18-crown-6 ether). Also, knowing the higher affinity of arsenic for iron ions (III), it was necessary for material to be loaded with these ions [17] .
It is known the ability of crown ethers to bind metallic ions, whether they are symmetrically or unsymmetrically substituted such as crown ether-5 or crown ether-6 being the most commonly used [18] .
The physical-chemical modification of Amberlite XAD7 by impregnation with dibenzo-18-crown-6 and loaded with Fe(III) ions represent a good choice for As(V) removal from aqueous solutions, due to the fact that resin is a relatively inexpensive commercial support and the amount of crown ether necessary for the functionalization is very small, but with representative effect for the adsorption process. This fact will be emphasized in present paper by As(V) adsorption process quantification, and by studying the absorbent performance of the obtained material.
Materials and methods

Preparation and characterization the material
In order to obtain the new adsorbent material, Amberlite XAD7 resin (Rohm and Hass Co., size 0.5-0.7 mm, surface area 380 m 2 g −1
) was used as solid support. Amberlite XAD 7 was functionalized by impregnation with dibenzo-18-crown-6 ether (Sigma -Aldrich, Merck, purity 98 %), which structural formula is represented in Fig. 1 .
In order to improve the affinity of new adsorbent material for As(V) it is necessary to enrich his surface with Fe(III) ions (Sigma -Aldrich, Merck, purity 99.9 %).
The material is prepared by using SIR dry method (Solid Impregnated Resin), when 0.05 g dibenzo-18-crown-6 ether was dissolved in 25 mL nitrobenzene (Sigma -Aldrich, Merck, analytical standard) and mixed with 5 g of Amberlite XAD7 resin, then obtained mixture was kept in contact for 24 h, after which it was filtered and dried at 50 °C for 24 h.
To load the new material with iron ions, 25 mL of FeCl 3 solution with concentration of 100 mg L −1 were added to the material, left in contact for 24 h, then filtered and dried for 24 h.
Obtained materials were characterized by X-ray dispersion (EDX) using a FEI Quanta FEG 250 instrument, by Fourier Transformed Infrared Spectroscopy (FTIR) using a Bruker Platinum ATR-QL Diamond instrument in the range of 4000-400 cm −1 , thermogravimetrical (TG) analysis using a TG 209 F1 Libra (Nietzsche) device and determination of specific surface area by the Brunauer, Emmett and Teller-BET method using a Quantachrome NOVA 1200E instrument.
Adsorption experiments
Several parameters affecting the adsorption of As(V) like contact time, initial concentration and temperature were studied in batch experiments.
To study the influence of contact time and temperature onto the As(V) adsorption process, samples of 0.1 g material were mixed with 25 mL As(V) solution with concentration of 50 μg L −1 for different time periods (30, 60, 120, 180, 240, 300, 360, 420 and 480 min). This experiment was carried out at different temperatures (298 K, 308 K and 318 K) in a thermostatic bath.
For establish the influence of the As(V) initial concentration onto the As(V) adsorption process, samples of 0.1 g material were mixed with 25 mL As(V) solution with concentrations between 10 and 200 μg L −1 for 300 min and 298 K. All studies were made by keeping the pH in interval 7-8, which is the real drinking water.
The stock solutions were prepared by dissolving the adequate amount of H 3 AsO 4 in HNO 3 (Merck, 1000 mg As(V) per litter) in distilled water. All adsorption experiments were carried out in a Julabo SW23 thermostatic and shaking water bath with a stirring speed of 200 rpm. After that all samples were filtered and the filtrate was analysed to evaluate the arsenic residual concentration using an Inductively coupled plasma mass spectrometer-ICP-MS Bruker Aurora M90 type.
Sorption/desorption studies
In order to establish the maximum number of adsorption/desorption cycles the As(V) ions were adsorbed and desorbed until the adsorption is not any more possible. Desorption was performed by mixing 1 g polymer containing adsorbed ions with 25 mL NaCl 5 %. The mixture was shaken for 2 h at 200 rpm at room temperature. After that the filtered adsorbent material was rinsed with distilled water and dried at room temperature. This step was repeated until the As(V) ions are irreversibly fixed onto the adsorbent material surface, establishing in this way the maximum number of usage cycles. Adsorption/desorption process efficiency was established by counting the adsorbed/desorbed of As(V) quantity.
Results and discussion
Characterization of the obtained material
From the EDX spectra, presented in Fig. 2 can be observed the presence of specific peaks of the Fe(III) ions as well as C and O peaks specific to the resin and crown ether. After that, produced adsorbent material was characterised by recording the FT-IR spectra. In Fig. 3 is depicted the FTIR spectra of Amberlite XAD 7 functionalized with crown ether (dibenzo-18-crown-6 ether) and loaded with Fe(III) ions.
By analysing the FT-IR spectra can observe presence of a specific band located into the range 3200-3000 cm −1 , band associated with the presence of O-H bonds [19] , while also noticing the presence of a sharp peak located around 1700 cm −1 , peak associated with the presence of O-H from water. Presence of the peaks located at 1720 and 1600 cm −1 can be associated with the stretching vibrations of the C=C bond from the aromatic rings [20] . Presence of the band located around 1600 cm −1 can be attributed to the stretching vibrations of C=O bonds from the conjugate groups as could be attributed to the presence of carbonyl groups close to hydroxyl one [20] . Peak located around 1470 cm −1 can be associated with the vibration specific to the C-H groups. Bands characteristic of dibenzo-18-crown-6 ether appear in the range 1550-500 cm −1 , the most intense are located at 1100 cm −1 and 1000 cm −1 and they can be attributed to Calphatic-O-Caromatic, respectively Calphatic-O-Calphatic bonds vibrations [17] . At same time, iron surface loading is evidenced by the presence of peaks located near 1037 cm −1 , peaks which can be associated with the stretching vibrations of Fe-OH bonds [10] .
In order to establish the thermal stability of the new produced adsorbent material, were recorded the TG and DTG curves into the temperature range of 20-1000 °C, curves depicted in Fig. 4 .
Analysing thermogravimetric curves depicted into the Fig. 4 reveal three stages of thermal decomposition of studied adsorbent material. First stage of thermal decomposition is observed into the temperature range between 20 and 200 °C, when around 10 % of mass was lost, which can be associated with water loss. By further increasing of the temperature can observe that the studied material is stable until the temperature reach the value of 300 °C. Second stage of thermal decomposition occurs between 300 and 380 °C when 40 % of the total mass was lost. This loss can be associated with the degradation of the low molecular mass organic compounds, means with the degradation of crown ethers. Further increase of the temperature reveals no changes until temperature reach 400 °C. Third stage of thermal decomposition is taking place between 400 and 500 °C, when approximate 50 % of the total mass was loss, and which can be associated with the thermal decomposition of Amberlite XAD 7 resin. Total mass loss up 500 °C is over 90 %, and by increasing temperature until 900 °C can observe that final residue mass is less than 1 %, so we can confirm that at 900 °C the studied product is totally decomposed. Into the next step was determined the specific surface of the new produced adsorbent material and compared with the one of non-functionalized polymer. So after performing the measurements was observed that the specific surface of the functionalized material has the value of 126 m 2 g −1
, less than the surface of non-functionalized Amberlite XAD7 resin (300 m 2 g −1
). Based on that can confirm that the crown ether and irons ions used for functionalization penetrate into the resin pores reducing in this way the specific surface of studied material, reconfirming that the Amberlite XAD 7 resin was functionalized with crown ether and iron ions.
Adsorption of As(V) on the obtained material
In order to better understand the adsorption process of As(V) ions onto the studied material is important to know which species of As(V) ions are presented into the aqueous solution used during experiments.
It is known that in aqueous solutions As(V) exists in the form of four species: H 3 AsO 4 , H 2 AsO 4 − , HAsO 4 2− , AsO 4 3− (Fig. 5) . In our study, the pH of the process was kept in range 7-8, so we can say that the specific species would be H 2 AsO 4 − or/and HAsO 4 2− [21] [22] [23] .
Kinetic studies and activation energy
Most important parameters affecting the adsorption process are represented by the contact time and temperature. The effect of contact time and temperature for As(V) adsorption process on the crown ether functionalized Amberlite XAD7 loaded with iron ions are presented in Fig. 6 . From experimental data depicted into Fig. 6 can observe that the adsorption capacity increase with the increase of the contact time up to 300 min. Further increase of the contact time lead at no further increase of the adsorption capacity, which remains practically constant, so can conclude that after 300 min contact time is not influencing any more the adsorption process. At same time can observe that the increase of temperature at which was studied the adsorption have an insignificant influence onto the As(V) adsorption capacity. Based on these experimental data can establish the optimal experimental conditions for the As(V) adsorption onto the new produced adsorbent material: contact time 4 h and temperature 298 K. Also, from experimental data was determined the value of the adsorption capacity, ~11 μg As(V) per g of adsorbent material.
The equilibrium adsorption capacity was calculated using eq. 1:
where: C o and C e are the initial solution concentration and equilibrium concentration (μg/L), V is the volume of the solution (L), and m is the amount of adsorbent material (g). In order to establish the As(V) adsorption mechanism experimental data were modelled using Lagergren pseudo -first -order kinetic model (model described by eq. 2) [24] 
where q e is the adsorption capacity at equilibrium (μg/g) and q t is the adsorption capacity at time t, t is the contact time (min), k 1 is the pseudo-first-order rate constant (1/min) and k 2 the pseudo-second-order rate constant (g/μg · min). Based on that were obtained the pseudo -first -order plots and pseudo -second -order one, plots depicted into Figs. 7 and 8.
From linear dependence of ln(q e -q t ) versus t, dependence associated with pseudo -first -order model were evaluated the values of rate constant (k 1 ) and the adsorption equilibrium capacity q e,calc . Similar from the linear dependence t/q t versus t, were evaluated the values of rate constant (k 2 ) and the equilibrium adsorption capacity q e,calc . Also, for both models, were determined the correlation coefficients R 2 , data presented in Table 1 .
Analysing data presented in Table 1 can observe that the correlation coefficient for the pseudo -first -order model is into the range of 0.8284-0.8661, and for pseudo -second -order model is in range of 0.9984-0.9991, values much closer to 1. Also the calculated equilibrium adsorption capacities were around 12, values much closer to the obtained experimental data. Based onto the higher correlation coefficient and due to the smaller differences between experimental and calculated equilibrium adsorption capacities can conclude that the pseudo -second -order model describe better obtained experimental data.
These results confirm literature data according to which the adsorption process depends on the temperature and at the same time the chemical reactions can represent the limiting factor for adsorption process speed [25, 26] . 
Influence of initial concentration of the As(V)
Also was studied the influence of As(V) initial concentration onto the material adsorption capacity, data depicted in Fig. 9 . Analysing data presented in Fig. 11 can observe that the increase of the initial concentration of As(V) leads to an increase of the adsorption capacity until a constant value is reached. Maximum value of the adsorption capacity has a value of 18.8 μg g −1 being reached when the initial concentration has a value of 150 μg L −1 , further increase of the initial concentration leads at no further increase of the maximum adsorption capacity.
Thermodynamic studies
In order to investigate the spontaneity and thermal properties of the As(V) adsorption process on the studied material the influence of temperature on the adsorption capacity of As(V) was investigated by representing the linear dependence of ln k 2 versus 1/T (data depicted in Fig. 10) .
Based on the obtained experimental data, and by using the Arrhenius equation (eq. 4) is possible to evaluate the values of the activation energy associated with the As(V) adsorption process onto the produced material. Speed constant used into eq. 4 was determined by modelling the experimental data with pseudosecond -order model. where k 2 is the rate constant (g/min · μg), A is the Arrhenius constant (g · min/μg), E is the activation energy (kJ/mol), R the ideal gas constant (8.314 J/mol · K), and T is the absolute temperature (K). Based on obtained experimental data was calculated the activation energy value E a = 2.15 KJ/mol and correlation coefficient R 2 = 0.8949. Calculated value of activation energy suggests that the As(V) adsorption onto the studied material is a physical-sorption, but also an endothermic process.
In order to determine how As(V) adsorption process takes place on the surface of the obtained adsorbent material, was calculated the value of free Gibbs energy using the Gibbs-Helmholtz equation (eq. 5) [27] .
where ΔS° is the standard entropy change and ΔH° is the standard enthalpy change.
Variations of standard entropy ΔS° and standard enthalpy ΔH° can be calculated from equation (eq. 6) associated with the linear representation of ln K d function of 1/T (Fig. 11) :
where T is the absolute temperature (K) and R the ideal gas constant. Equilibrium constant K d is calculated as ratio of equilibrium adsorption capacity -q e -and equilibrium concentration (eq. 7):
Base on linear dependence of ln K d versus 1/T (depicted in Fig. 11 ) were calculated the values of thermodynamic parameters associated with the As(V) adsorption process onto the functionalized material (obtained data are presented in Table 2 ). Analysing the data presented in Table 2 can observe that the free Gibbs energy have negative values, which suggests that the As(V) adsorption process onto the functionalized material is a spontaneous and natural process. When the temperature increases can observe that the values of free Gibbs energy becomes more negative, meaning that the adsorption speed increases with temperature increase; this increase of process speed can be attributed to effective growth of the contact surface between adsorbent material and As(V) ions.
Positive value of entropy variation suggests that the adsorption speed increases at adsorbent material/ solution interface and the degree of particles clutter increases when the temperature increase. Such behaviour can be attributed to appearance of some changes at material's surface level. Based on that can affirm that the adsorption of As(V) onto the adsorbent material surface is an endothermic and spontaneous process. 
Equilibrium studies
In order to understand the adsorption process mechanism must obtain the adsorption equilibrium data, which can be done by modelling the experimental data using different adsorption isotherms.
Classical adsorption isotherms are represented by Langmuir and Freundlich one; based on these two classical isotherms was developed the non-linear Sips isotherm which represent a combination between classical isotherms.
Obtained experimental data for As(V) adsorption onto the studied adsorbent material were fit using these three non-linear adsorption isotherm models: Langmuir, Freundlich and Sips.
Langmuir isotherm presumes that the adsorption of the adsorbate takes place as a monolayer adsorption on the homogeneous surface of the adsorbent, the activation energy for the adsorption is uniform for all adsorbed molecules, and all adsorption sites are equal. Langmuir non-linear adsorption isotherm is expressed by eq. 8 [28] :
where q e is the equilibrium adsorption capacity (μg/g), C e is the equilibrium concentration of As(V) in the solution (μg/L), q L the Langmuir maximum adsorption capacity (μg/g), and K L is the Langmuir constant. Freundlich adsorption isotherm presumes that the surface of the adsorbent is heterogeneous, the distribution of adsorption heat is non-uniform and the adsorption can take place as multilayer. The Freundlich non-linear isotherm is written as in eq. 9 [29] :
where q e is the equilibrium adsorption capacity (μg/g), C e is the equilibrium concentration of As(V) in the solution (μg/L), K F and n F are characteristic constants. Sips isotherm represent a combination of the Langmuir and Freundlich isotherms, at adsorbate low concentrations having the characteristics of the Freundlich isotherm, and at high concentrations the characteristics of Langmuir isotherm. The Sips non-linear isotherm is written as in eq. 10 [30] :
where q S (μg/g) is the maximum adsorption capacity, K S is a constant related to the adsorption capacity of the adsorbent, n S is the heterogeneity factor. Obtained experimental data were modelled using Langmuir, Freundlich and Sips adsorption isotherm. Based on that were obtained the isotherms modelling the adsorption of As(V) ions onto Amberlite XAD7 functionalized with dibenzo -18 -crown -6 ether (Fig. 12) . Analysing data presented in Fig. 12 can observe that when the initial concentration of As(V) ions increase, as well as the adsorption capacity of studied adsorbent material until an equilibrium concentration (q m,exp ) of about 18.8 μ g −1 is reached. Also, by modelling obtained experimental data with adsorption isotherms were determined the parameters used to describe the adsorption process of As(V) onto functionalized Amberlite XAD7. Obtained parameters are depicted in Table 3 .
Based on data presented in Table 3 can observe that the non -linear Sips adsorption isotherm better describe the adsorption of As(V) ions onto functionalized Amberlite XAD7. From data presented in Table 3 can observe that for Sips model was obtained the highest value for the correlation coefficient, and simultaneously ). Also, from the values of the parameters 1/n s (Sips adsorption isotherm) and 1/n F (Freundlich adsorption isotherm), lower then 1, get confirmation that the studied adsorption process is favourable.
In Table 4 are presented the maximum adsorption capacities obtained when different synthesized of functionalized materials were used as adsorbents for As(V) removal from aqueous solutions. It is well known that Amberlite XAD7 type resins, especially functionalized with pendant groups, present good efficiency for arsenic removal from aqueous solutions through adsorption, fact confirmed also by the data presented in Table 4 .
Adsorption-desorption studies
One important parameter characterising the efficiency of adsorbent materials into the practical approach is represented by their regenerative capacity, which is translated into possibility to reuse such adsorbent materials. In order to obtain good efficiency (low cost for arsenic removal) is necessary that the regenerative process occurs easy and the metallic ions are desorbed really fast and in higher quantity, so the reuse of adsorbent materials becomes economically feasible.
In present paper was investigated the possibility to reuse the functionalized Amberlite XAD7 used adsorbent by establishing the adsorption/desorption cycles number. Best results for desorption of As(V) were achieved when NaCl 5 % was used, and this process has been repeated with significant results for 5 times, as can be observed from data depicted in Fig. 13 .
Conclusions
In present paper were investigated the adsorbent proprieties of new produced material obtained by functionalization of Amberlite XAD 7 resin with dibenzo -18 -crown -6 ether, loaded with iron ions, due to wellknown affinity of arsenic ions for iron. The presence of crown ether (dibenzo-18-crown-6) and iron ions on the functionalized material was proved by energy dispersive X-ray analysis, scanning electron microscopy -SEM, Fourier transform infrared spectroscopy (FTIR), thermogravimetrical (TG) analysis and determination of specific surface area (BET).
The influence of various parameters affecting the adsorption of As(V) like contact time, initial concentration and temperature was studied in batch experiments. Kinetic studies showed that the optimum contact time between As(V) solution and functionalized material was of 300 min and the optimum temperature was 298 K. Obtained experimental data were modelled using the pseudo-first-order and the pseudo-second-order kinetic models. Based on that was observed that the adsorption process is better described by the pseudosecond-order model.
Also, was evaluated the value of the activation energy. The positive value of activation energy (2.15 KJ/mol) suggested that the adsorption process was endothermic, and the mechanism was physical adsorption. Nonlinear regression analysis of the equilibrium data was performed using Langmuir, Freundlich, and Sips isotherm models. From all these adsorption isotherms, Sips one is better describing the As(V) adsorption process onto the functionalized Amberlite XAD 7 resin.
Maximum adsorption capacity of the functionalized material was of 18.8 μg As(V) g −1
.
The values of thermodynamic parameters (ΔG°, ΔH°, ΔS°) were calculated and showed that the adsorption process was endothermic and spontaneous. The results showed that Amberlite XAD7 functionalized with crown ether (dibenzo-18-crown-6) and loaded with Fe(III) is an effective adsorbent for the removal of As(V) ions from aqueous solutions. The possibility of reuse of the material was studied by adsorption/desorption cycles and it was found that the material can be used for five cycles of adsorption/desorption.
